The mixed function oxidase trans-cinnamic acid 4-hydroxylase, cytochrome P450, cytochrome b5, and NADPH-cytochrome c (P450) reductase were measured in microsomes from aging artichoke tuber slices exposed to (24, 25) , and trans-cinnamic acid (1, 18) are hydroxylated, whereas p-chloro-N-methylaniline (27) was N-demethylated in Cyt P-450-dependent reactions. Involvment of Cyt P-450 is also suggested in the N-dealkylation of the herbicide Monuron2 (10).
Xenobiotics as well as endogenous substrates are oxidized in animal cells by the microsomal mixed function oxidases. In animal tissues, Cyt P-450, the hemoprotein acting as terminal oxidase in these enzymes, exists in multiple forms, showing broad and overlapping substrate specificities. These enzymes are induced by a variety of foreign compounds (drugs, pesticides, food preservatives) often not structurally related to the substrates metabolized by the enzyme induced.
In higher plants, the involvment of Cyt P-450 in the oxidation of several endogenous and exogenous substrates was demonstrated in recent years. Mono-and diterpenes (12, 15) , fatty acids and whydroxyfatty acids (24, 25) , and trans-cinnamic acid (1, 18) are hydroxylated, whereas p-chloro-N-methylaniline (27) was N-demethylated in Cyt P-450-dependent reactions. Involvment of Cyt P-450 is also suggested in the N-dealkylation of the herbicide Monuron2 (10) . CA4H, trans-cinnamic acid 4-hydroxylase or trans-cinnamic acid, reduced flavoprotein: oxygen oxidoreductase (4-hydroxylating) (EC 1.14.14.-), NADPH-cytochrome c (P-450) reductase (EC 1.6.2.4.); Chloro-IPC, N-(3-chlorophenyl)-isopropyl carbamate; Dichlobenil. 2,6-dichlorobenzonitrile. However, the induction (i.e. increase of spectrophotometrically measurable Cyt) of Cyt P-450 in higher plant tissues has been demonstrated only in response to wounding in Jerusalem artichoke (2) and potato tuber tissues (19) and in response to light in pea seedlings (3) .
Recently, various xenobiotics have been shown to increase Cyt P-450 concentration in Jerusalem artichoke tuber tissues (20) .
Here the time course of Cyt P-450, Cyt b5 content, and CA4H and NADPH-Cyt c reductase activities in aging Jerusalem artichoke tuber tissues exposed to phenobarbital, herbicides, and Mn ions are reported.
MATERIALS AND METHODS
Jerusalem artichokes tubers (Helianthus tuberosus L. cv. Blanc commun), grown locally, were stored in polyethylene bags at 4 C in darkness. The preparation of tuber tissue slices was essentially the same as described previously (2) . One-mm thick slices (100 g fresh weight) were incubated in the dark at room temperature in 2-liter Erlenmeyer flasks with 1.5 liters distilled H20 or distilled H20 containing the compounds to be tested. When needed, the pH of the solution was adjusted to 7 with HCI or NaOH. The use of organic solvents was avoided since they alter the induction pattern. The incubation medium was vigorously bubbled with a stream of hydrated and filtered air. The herbicides were added as an ethanol solution to the Erlenmeyer flasks, the alcohol was evaporated, H20 was added, the flasks were shaken for I h to dissolve the compound, and tuber slices were added to each flask. Monuron, Dichlobenil and Chloro-IPC were obtained from Serva, Heidelberg (GFR). Figure  4 shows the evolution of enzyme activities and Cyt content in tissues exposed for 24 in the same plant tissue (22) is also increased by these compounds (unpublished). The products tested have widely differing chemical structures and other compounds, e.g. 2,4-D or the porphyria inducer allylisopropylacetamide, provoke similar effects (unpublished). The mechanisms by which these increases are mediated are unknown and may well be different considering the various induction patterns elicited by the compounds tested. It is difficult, however, to determine whether all these differences pertain to the induction mechanism or to penetration rates or toxic side effects of the inducers.
Mn appears to be a potent inducer of the plant mixed function oxidases. This is surprising, in view of the general toxicity associated with Mn in many plants (for a review, see Ref. 9 ) and contrasts with the inhibitory effect of most divalent cations on Cyt P-450 induction in animals. Since Mn acts as cofactor in a number of enzymes, the induction observed could be a secondary effect of the modulation of other enzymes by the metal. It was recently reported (5) that in mammals Mn prevents the induction of heme oxygenase, the microsomal enzyme that catalyzes the rate-limiting step in the catabolism of heme. Alternatively, Mn may be implicated in the production of activated oxygen species. The metal undergoes cyclic redox changes during the water splitting process of photosynthesis and is also associated to fungal superoxide dismutases. A total lack of induction was observed when the tubers were sliced under N2 atmosphere. Addition of specific quenchers or scavengers of 02-excited states to the culture medium could provide insight into the mechanism of action of this metal.
Little is known of the effect of barbiturates on plant metabolism. They interfere with mitochondrial electron transport (13) and inhibit germination in rice seeds exposed to low 02 concentration (14) . Phenobarbital is the sole compound among those tested here which increased markedly the NADPH-Cyt c reductase. Concomitant induction of Cyt P-450 and of its reductase is also a characteristic feature of phenobarbital induction in animal tissues, as opposed to the 3-methylcholanthrene-type inducers, which do not affect the reductase level.
A great number of pesticides are inducers and/or substrates of microsomal Cyt P-450 enzymes in mammals and in insects. Cyt P-450-catalyzed hydroxylation or oxidative dealkylation of these compounds is often the first step leading to their detoxication and elimination. There are numerous reports indicating that hydroxylated or N-dealkylated compounds are formed during metabolism of pesticides by plants (4) . Because Cyt P-450 content was enhanced by Monuron and Dichlobenil, it is tempting to assume that the microsomal mixed function oxidases play a role in the detoxication of and the resistance to certain pesticides by plants.
It is already known that Monuron is N-demethylated by the microsomal fraction from cotton seedlings (10) . The non-herbicide xenobioticp-chloro-N-methylaniline is also demethylated in a Cyt P-450-dependent reaction by a castor bean microsomal preparation (27) . Also relevant in this context is the fact that 4-OH-2,5-dichlorophenoxyacetic acid and 4-OH-3,5-dichlorophenoxyacetic acid are formed in soybean tissues exposed to 
